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HIGH-EMISSIVITY RADIATOR 

This invention relates to a radiator and to a method of making a radiator. 
In particular, this invention relates to a radiator having thin-film coatings that 
" serve to increase the emfesivity of the entiri^ struc^re thereby better to m^^ch 
5 the thermal radiation of a "black-body" radiator. The invention also relates to 

RowsoeiT'aTadlatDHs^m^ -- . -_ 

AH bodies win generally emit thiermal ladiation, and ihe efficlenoy at 
which they emit thermal radiallon is defined as that body's emissjvity. The 
emissivity is quantified as a percentage of the thennal radiation from an ideal 
10 source, commonly referred to as a black body. Alttiough it is theoreHoally 
impossible to realise the perfect black body, current optimised optical designs in 
combination with earful salecfion of materials have seen radiators with 
emissivity values as high as 95% over their iritended operating wavelength 
range. As is well known, emissivity will vary over the electromagnetic spectmm 
15 and so is optimised for a particular operational wavelength range. 

Radiatora with high emissivity are useful in a number of industrial and 
research applications. For example, they may be used as calibration standards 
for pyrometers or may be used in a thermal picture synthesiser to form infra-red 
images for the testing of yifra-red Imaging or t^eting equipment 
20 Current designs are often based on optical stacks and are multilayers. 

This multilayer approach needs highly accurate thickness control of each layer 
otherwise the perfonnance of the entire structure is compromised. Single layer 
emitters ai^ relatively thick and have inferior mechanical properties. These 
high-emissivity radiators have been bulky. The Increased mass results in a 
25 slower response time to f^ach their operating ternperature and hence to 
produce the desired thermal radiation spectrum. This is a particular problem In 
thermal picture synthesising where imaging must be performed at typical 
television frame rates (e.g. 50 Hz). In addition, the bulk of the high-emlssivity 
radiatore means that they cannot be applied to an object without the size and. 
so possibly, shape of that object changing significantly. 
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Against this background, and from a first aspect, the present Invention 
. resides in a radiator comprising a substrate, an amorphous carbon layer and a 
metallic carbide-forming layer Interposed between the substrate and amorphous 

" cafl5'6rt-:iay^ thinrfllms of th«^ metal and amorphous 

s cartoon to be deposited that have very litue bullc and hence massl In addition, 
the-thin-films-will-oonfomj Jo..the_sha|3e_of an object to 
substantially altering the size or shape of that object. Moreover, provision of the ' 
metallic and amorphous carbon layers produces a radiator that can match the 
95% emissivily of known designs. 

10 Preferably, the amorphous carbon layer has a thickness In the range 0.1 

to 1.0 micrometi^s. a thickness In the range 0.3 to 0.6 mferometres being 
particularly piieferiBd and a value of substantially 0.4 mlcrom^res being 
prefen-ed still further. These values have been found to produce high emlsslvity 
in the infra red region. 

15 The carbkle-farming layer may be integral with the substrate or it may be 

separate from the substrate. For example, if the substrate itself Is capable of 
forming a carbide layer when amorphous carbon is deposited thereon, there is 
no need to deposit a separate metallic carbide-fomiing layer. On the other 
hand, the substrate may not form a carbide or may fonn a carbide only poorly, 

20 in which case it is either necessary to deposit a metallic carbide-forming layer or 
better results may be obtained by depositing a separate metallic carbide- 
forming layer. For ©cample, the metallic carbide-fomiing layer may comprise 
titanium. This arrangement leads to a titanium layer adjacent an amorphous 
carbon layer, the reaction between these layers foming titanium carbide at their 

25 Interface. The titanium may be the substrate material or may, for example, be a 
layer deposited onto a semiconductor substrate. Optionally, the titanium layer 
has a thickness in ihe range of 0.1 micrometres to 1 .0 micrometres, a thickness 
of substantially 0.3 micrometres being particularly preferred. 

Optionally, the amorphous cartson layer and/or the metallki carbide 

so forming layer is formed by sputter deposition. 
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The amorphous carbon layer may, optionally, be protected by a 
protective layer. This may then afford protection from damage by abrasives 
and/or oxidation. To avoid attenuation of infra-red thermal radiation emitted by 
• the r^dlaton the protective layer should be substantiaHy iransparent to 
5 r&dlation. For example, the protective layer may optionally comprise SiC. SiOa, 

tliarrTond-ordiamond-Hke-carbons.. __. _ 

From a second aspect, the present inventton resides in a method of 
making a radiator comprising the steps of forming a metallic carbide-forming 
layer on a substrate and fomiing an amorphous cariion layer on the metallic 
10 carbide-forming layer. The metaWic cart>ide-fomilng layer and the amorphous 
carbon layer may be formed in any order. For example, the metallic carbide- 
forming layer may be deposited onto a substrate and the amorphous carbon 
layer subsequently deposited onto the metallic carbide-fonnlns layer. 
Alternatively, the amorphous carbon layer may be deposited directly onto a 
15 substrate if the substrate is capable of forming a metallic caitide itself; in ttils 
way. deposition of the amorphous carbon may cause e reaction with the 
substrate thereby forming a carbide layer automatksally. Such a radiator will 
liave the advantages cfiscussed above in relation to the first aspect of the 
present invention. 

20 Preferably, the amorphous carbon layer is formed to a depth in the range 

0.1 micrometres to 1.0 micrometres, a thickness in the range 0,3 micrometres to 
0.6 micrometres being particularly preferred and a value of substantially 0.4 
micrometres being preferred still further. Optionally, the amorphous carbon 
layer is formed by sputter deposftTon. Preferably, the sputter deposition Is 
25 performed from a substantially pure graphite target that may optionally be 
performed at a pressure of 1 x 10"^ Torr or less. Preferably, the sputtering is 
performed using an inert gas such as argon. These measures help to maintain 
the purity of the amorphous oartson. Emissivity has been found to decrease as 
ttie level of impurities In the amorphous carbon film Increases. 
30 OptlonaUy. a titanium layer is fonned as the metallic carbide layer and 

the titanium layer may optionally be formed by sputter deposition or 
evaporation. Preferably, the titanium layer Is formed to a thickness In the range 
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of 0.1 micrometres to 1.0 micrometres, a thickness of substantially 0.3 
micrometres being parUcularty preferred. 

The method may optionally further comprise the step of forming a 
' "protective layer on to^ Preferably,,!? layer. of 

6 8iC, Si02. diamond or diamond-like carbon is fomied as the protective layer. 

Optionally, the radiator is anneaTed We>'fi^Ws~of-forming-the-m 
carbide-forming layer and the amorphous carbon layer. Preferably, the radiator 
is annealed at a temperature in the range 600"C to 90CK1. at a temperature of 
substantially 300°C being particularly prefened. In a currently preferred 
10 embodiment, the radiator is annealed by holding the radiator at a temperature of 
substantially 800°C for substantially five minutes and may. optionally, be 
annealed in an Inert atmosphere (in argon, for example). 

The Invention wBl now he described, by way of example only, by 
reference to the accompanying drawings in which: 
15 i=^lgure 1 is a perspective view of a radiator according to ari embodiment 

of the present invention; 

Figure 2 is a simplified representation of apparatus for making a radiator 
according to a preferred method of the present invention; and 

Figure 3 is a graph showing emissivities achieved for a number of 
20 radiatore according to an ambodiment of the present invention as a function of 
the thickness of the amorphous carbon f Hm. 

A radiator 10 aocorelinQ to an embodiment of the present invention is 
shown in Figure 1 and comprises a silicon substrate 12 that pnsvides a 
substrate surface 12a on which is deposited a titanium film 14, an amorphous 
carbon film 16 and a protective silicon carbide (SiC) film 18, each film capping 
the previous one. The titanium, amorphous carbon and SIC films 14, 16, 16 are 
thin, each being less than a micrometre thick, whereas the thickness of the 
substrate 12 is much greater in this instance (of the order of millimetres). 
However, the substrate may be thinner, even as thin as the titanium, 
amorphous carbon and SiC films 14, 16, 18. As will he clear, the thicknesses of 



25 
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the titanium, amorphous carbon and SiC films 14. 16, 18 relative to the size of 
the substrate 12 in Figure 1 have been increased for the sake of clarity. This 
radiator 10 exhibits high themnai emfesMty in the infra red range. 
. Figum.2 shows.,^s a„siiT!Plifieci sketch, apparatus suitable for growing 

s the titanium, amorphous carbon and SiC films 14. 16. 18 on tt.e SU£>strate ^^h': - 
- - -The substrate_12 is prep_arBd to produce the substrate suifaoe12a that is both 
clean and smooth. The substrate Yo is mounted-^n asu^rat^able-^^ 
schematically at 20 such that the surface 1 8 laces a sputtering target 22 and ion 
source 24. The substi^te table 20, sputtering target 22 and ion source 24 are 
10 located within a vacuum chamber shown generally at 26. 

m oitler to make the high-emlssivity radiator 10. the prepared substrate 
12 is held in the vacuum chamber 26 at 1 x 10-«Ton- and the films 14. 16, 18 
are deposited onto the substrate surface IZa at this reduced pressure. All three 
films 14. 16, 18 are deposited using the wey-known technique of sputter 
15 ' deposition, in this embodiment, the ton source 24 is aimed at one of three 
intarohangeable sputtering.taigets 22. the targets 22 being made of titanium, 
pure graphite and SiC. The ion source 24 may be of any standard constmclion. 
e.g. a diode or magnetron where both electrodes are preferably water-cooled 
(not shown). High-purity aitfon gas is used as the source of ions and is 
20 intnDduced at a flow rate to increase the pressure within the vacuum chamber to 
4 milliTorr. The substrate taWe 20 may be earthed or It may be electrically 
. ftoating. 

Initially, the titanium sputter target is placed in the position indicated at 22 
and the ion source 24 activated such that $ thin film of titanium 12 Is deported 

25 onto the dean substrate surface 12a to a depth of 0.3 micometres. The deptti 
may be ascertained in any number of standard ways such as using a quartz 
micro-balance (not shown). The titanium sputtering target is then replaced by 
the graphite sputtering target at posftion 22. Activating the ion source 24 results 
in an amorphous cartaon film 16 being deposited onto the titanium film 14. This 

30 second phase of sputtering continues until an amorphous carbon film 16 with a 
thickness of 0.5 micrometres is deposited. An amorphous carbon film 16 
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results that is soft and can easily be scratcheci with a pair of tweezers or the 
like: this type of flim 16 has been found to produce optimal emissivity. 

The radiator 10, now comprising substrate 12, fitanium film 14 and 

' amoiplibiis carbon Aim 16, is then arrnsale^- at 4tie vacuum ©b^mfaer's. bas^. 

5 pressure of 1 x 10"^ Terr, most of Ihe residual gas within the vacuum chamber 
26~comprising"Wtn"eitraTgon-*^ 

benefida! as the &rgan will not react with the amorphous carbon film 16 during 
the anr^ealing process. The radiator 10 is heated such that Its temperature 
slowly increases to 800»C. The radiator 10 Is then held at 800»C for five 
10 minutes before being allowed to cool slowly to the ambient temperature. This 
annealing step produces an amorphous carbon film 16 with improved 
homogeneity and this in turn pnwides a higher thermal emissivity that is unifomrt 
across the radiator 10. 

Finally, the graphite target 22 is replaced with the SiC target such that 
15 the protective SiC film 18 can be formed on the amorphous carbon film 16 by 
sputter deposition. The SiC film 1s is deposited to a thickness of between a 
micrometer or less up to over a millimetre thick, a thici<:ness of 0.1 micrometer 
being currently preferred. Such a SiC film IS is transparent to jnfra red 
radiation. 

20 In this way, a radiator 10 is formed that has high emissivity at 

wavelengths between 3 and 5 rnlcrometres (in the infra red range), Emiasivities 
as high as 95% have been measured. We have found that the emissivity varies 
as a function of thickness of the amorphous cartjon film 16 as is shown in 
Figure 3. 

25 It will be readily apparent to those skilled in the art that variations to the 

above described embodiment are possible without departing from the scope of 

the invention defined in the appended claims. 

For example, the films 14, 16, 18 need not entirely cover the substrate 

12. The films may cover one or more areas of the substrate surface I2a and 
30 may even be formed according to a desired pattern. Where sputterirrg is used 

as the method of deposTflon, masks can be used to achieve the desired pattern. 
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Moreover, the films 14, 16, 18 need not extend to cover the same areas. It is 
highly advantageous for the titanium and amorphous carbon films 14, 16 to be 
coterminous, but a protective film 18 may only be needed in selective areas that 

are^p3^isylg|l^,4?S3m1^:«*a^ , . . _ . ,_ 

5 Silicon is but one example of a substrate. Essentially, any material may 

- - foHn ffi e subst mts^ if it-wW allow^deposition of_titanlura and.wiiljwtthstandjhe 
annealing process. Suitable substrates include semiconductors and metals. 

Whilst the above embodiment employs interchangeable sputtering 
targets 22, the sputtering targets 22 may be located in fisted but different 
10 positions. Such sputtering targets 22 may share a common tan source 24 that 
may be directed to each sputtering target 22 or there , may be a dedicated ion 
source 22 for each sputtenng target 22. In addition, argon is but a piefen-ed 
source of ions. Alternatives, such as nitrogen of oxygen, are also possible. 

Ion source sputtering is one of many well-known techniques suitable for 
15 forming the films 14, 16, 18 on the substrate 12. For example, plasma-source 
sputtering, chemical vapour deposition, laser ablation, cathodic arc processes 
or evaporation such as molecular beam epitaj^y (MBE) using e.g. thermal or e- 
beam heat sources may be used to fomi the films 14, 16, 18. 

Whilst the radiator 10 has been annealed prior to depositbn of the 
20 protective SIC film 18, the annealing could equally, well t>e performed after 
deposition of the SIC film 18. 
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CLAIMS 

1 . A radiator comprising a substrate, an amorphous carbon layer and a 
metallic carbide-forming layer interposed between the substrate and 
amorphous carbon Jayer.. . . - . . 

2. The radtetoV'of "dalrn' Y;"wf^^^ IRe TfietliUle Tsarbide^onnlng- layer- 
comprises titanium. - . 

3. The radiator of dalm 1 or clalm.2, wherein the amorphous carbon layer 
and/or the titanium layer has a thickness in the range of 0.1 micrometres 
to 1.0 micrometres. 

4. The radiator of any preceding claim, wherein tfie amorphous carbon layer 
Is protected by a protective layer. 

N 

5. The radiator of claim 4, wherein the protective layer substantially 
transparent to infrared radiation. 



6. The radiator, of claim 6, wherein the protective layer comprises at least 
zo one of SIC, SiOa, diamond and diamond-like carbon. 

7. A method of making a radiator comprising the steps of forming a metallic 
oarblde-fomiing layer on a substrate and foming an amorphous carbon 
layer on the metallic carbide-fonming layer. 



15 



25 



8. The method of claim 7, wherein the amorphous carbon layer and/or the 
metallic carbide fomiing layer is formed by sputter deposition or 
evaporation. 
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9. The method of claim 7 or S, further comprising the step of fonning a 
proteottve layer on top of th© amorphous carbon layer. 

5. ...I0.---n:he-methodj5f^y_^claffns 7 to^ wherein the radiator is annealed after 

the steps of forming the metallic caiblde-fDrming and amorphous carbon 
layers. 

11. A radiator substairtially as herein described with reference to the 
10 accompanying drawings. 



12, A method of making a radiator substantially as herein described with 
reference to the accompanying drawings. 
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ABSTRACT 
HIQH-EMISSIVITY RADIATOR 

This invention rei^i^ b f radiator tO and to a method of making a 
5 radiator. In particular, this Invention relates to d radiator 10 having thin-film 

coitirigs tFiat serve to increWe~thi5ilTfermal-«misslvity-of-t1ne-er»fire-structure- - A. 

radiator TO is provided oomprislng a sutjstrate 12, an amoiphous carbon layer 
16 and the metallic cartide forming layer 14 interposed befcveen the substrate 
12 and amorphous carbon layer IB. In addition, a mefliod of maldng a radiator 
1 0 is provided oomprislng the steps of fomning the metallic c^fblde-fomiing layer on 
a substrate and fomiing an amorphous carbon layer on the metallic carbide- 
fonning layer. 



15 Fig. 1 
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